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Description 



SUMMARY OF THE INVENTION 



FIELD OF THE INVENTION 

[0001] The present invention relates to a reflector 
having new distribution characteristics of reflected light 
amounts, and a reflective polarizing plate and a reflec- 
tive liquid crystal display comprising such a reflector. 

PRIOR ART 

[0002] in these years, liquid crystal displays are used 
in various fields, for example, notebook type word proc- 
essors, personal computers, electronic pocket data 
books, portable information terminals, amusement 
equipment, stationery goods, portable telephones, and 
the like. In particular, reflective liquid displays or semi- 
transmissive-reflective liquid displays are widely used 
for portable equipment. 

[0003] As the reflective liquid crystal displays, those 
having the structure of first polarizing plate/liquid crystal 
cell/second polarizing plate/reflector (twisted nematic 
(TN) cells and super twisted nematic cells), and those 
having the structure of liquid crystal cell/reflector (guest- 
host (GH) cells) are used. 

[0004] The semi-transmissive-reflective liquid crystal 
displays are used as reflective displays in the daytime 
or in the light, while they are used as transmissive dis- 
plays using a back light at night or in the dark. 
.[0005] Asthesemi-transmissive-reflective liquid crys- 
tal displays, those having the structure of first polarizing 
plate/liquid crystal cell (a TN or STN cell)/second polar- 
izing plate/semi-transmissive reflector/back light are 
known. 

[0006] Since the reflective liquid crystal displays and 
the semi-transmissive-reflective liquid crystal displays 
which are used as reflective ones use reflection of ex- 
ternal light as a light source, the visibility of their images 
deteriorate when the images are viewed from an angle 
at which glares of the images caused by the reflection 
of external light on the outermost surface, for example, 
the first polarizing plate, can be avoided. 
[0007] US-A-4 431 272 discloses an opaque reflec- 
tive electrode having a rugged surface. The average 
pitch of the rugged regions of the electrode surface is 
greater than 3u.m and the depth of rugged surface is 
generally set about 0.2usn on the average with a maxi- 
mum depth of 5u.m or less. 

[0008] US-A-4 298 249 discloses a reflector formed 
with a light reflecting strips each inclined at an angle a 
with respect to the plane of the plate, in which the angle 
of inclination a is either the same for all surface strips 
and has a value of between 20° and 40°, or decreases 
progressively from a outermost surface strip to the sub- 
sequent surface strip from an initial value ccq to a final 
value a E with the relation (cto-fcco/S)) ia^ (ao+(a</5)) 
always applying. 



[0009] One object of the present invention is to pro- 
vide a reflector which can display bright images with 

5 good visibility on a screen of a reflective liquid crystal 
display, in particular, a portable reflective liquid crystal 
display, when the reflector is attached on such a liquid 
crystal display and the image is viewed from an angle 
at which the reflection of the external light is avoided. 

10 [0010] Another object of the present invention is to 
provide a semi-transmissive reflector which can display 
bright images with good visibility on an image of a semi- 
transmissive-reflective liquid crystal display, in particu- 
lar, a portable semi-transmissive-reflective liquid crystal 

15 display, when the reflector is attached on such a liquid 
crystal display and the image is viewed from an angle 
at which the reflection of the external light is avoided 
[0011] The subject-matter of the present invention is 
defined in the claims. 

20 [0012] The above and other objects and effects of the 
present invention will be apparent from the following de- 
scriptions. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 shows an incidence angle and reflection an- 
gles of light on a reflector, • 
Fig. 2 is a perspective view of the reflector used in 
Example 1 , 

Fig. 3 is a perspective view of the reflector used in 
Example 2, 

Figs. 4-6 are cross sections of various examples of 
the reflectors according to the present invention, 
Fig. 7 is a perspective view of the reflector used in 
Example 3, 

Fig. 8 is a distribution curve of amounts of reflected 
light from the reflector produced in Example 1 , 
Fig. 9 is a distribution curve of intensity of reflected 
light from the reflector produced in Example 2, and 
Fig. 10 is a perspective view of the semi-transmis- 
sive reflector used in Example 4. 



45 DETAILED DESCRIPTION OF THE INVENTION 

[0014] The present invention will be explained in de- 
tail. 

so Reflector, reflective polarizing plate and reflective liquid 
crystal display 

[0015] The reflector of the present invention has one 
or two reflection angles which exhibit maximums in an 
55 angle-dependent distribution curve of intensity of re- 
flected light which is generated when light is illuminated 
from a light source on the surface of the reflector at spe- 
cific angles from the normal line to the reflector surface, 
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in which at least one angle corresponding to the maxi- 
mum deviates by at least 5 degrees from a regular re- 
flection angle in relation to the incidence angle of the 
light, and the surface roughness of the reflector is be- 
tween 200 nm and 1500 nm in terms of a center line 
average roughness (Ra), a reflective polarizing plate 
comprising such a reflector. 

[001 6] When light is irradiated on the reflector surface 
at a specific angle from the normal line to the reflector 
surface, and an incident angle of light on the reflector 
from the normal line to the reflector surface is represent- 
ed by -6 degrees (0 degree < 6 < 90 degrees), the reg- 
ular reflection angle is +9. The reflector and semi-trans- 
missive reflector of the present invention satisfy the fol- 
lowing condition: 

[0017] That is, when the distribution of reflected light 
is measured for each reflection angle with the incidence 
angle of -6, the reflection angle 9' exhibiting the maxi- 
mum amount of reflected light (0 degree < I6'l < 90 de- 
grees) satisfies the relationship 19 - 9' I > 5 degrees, and 
the number of the angles exhibiting the maximums is 1 
or 2. 

[001 8] If 16 -9' I is less than 5 degrees, the visibility of 
the images deteriorates, since the glares caused by the 
reflection of external light are superposed over the im- 
ages, when the reflector is incorporated in the liquid 
crystal display and the screen is viewed from an angle 
at which the high reflected light amount is obtained. 16 - 
6* I is between 5 and 20 degrees.- 
[0019]'" If the number of the angles exhibiting the max- 
imums of the reflected light amount exceeds two, the 
intensity of reflected light at one angle corresponding to 
the maximum decreases, since the reflected light is 
scattered. Thus, good visibility of the images cannot be 
expected, when such a reflector is incorporated in the 
liquid crystal display. 

[0020] When two or more light sources are used, and 
the liquid crystal display is used with fixing the liquid 
crystal display and a viewing angle, light beams from 
two or more light sources are reflected at different an- 
gles and focused on the eye of a viewer. For this pur- 
pose, at least four different slant angles should be set 
on the reflector surface. In this case, the number of the 
angles exhibiting the maximum amounts of the reflected 
light exceeds two. 

[0021] A spatial relationship between a light source 
and a liquid crystal display cannot be uniformly defined 
in the reflective liquid crystal displays for portable infor- 
mation terminals, portable phones, personal handy 
phones (PHS), electronic pocket data books, electronic 
dictionaries, palm top personal computers, and the like, 
which are the main applications of the reflectors of the 
present invention. For achieving the large reflected light 
amount with a specific apparatus, it is necessary to ob- 
tain the large reflected light amount by setting a viewing 
angle in accordance with the angle of reflected light of 
the light source through the adjustment of the angle be- 
tween the viewing direction and the surface of the liquid 



crystal display placed on a palm or a desk, wherever the 
light source is present. Therefore, for the improvement 
of the visibility, it is important to increase the intensity of 
reflected light at an angle at which the distribution of the 
5 reflected light is maximized. Accordingly, the number of 
the angles exhibiting the above maximums should be 2 
or less. 

[0022] Examples of the reflectors, which satisfy the 
relationship of 19 - & I > 5 degrees, and the condition 
10 that the number of the angles exhibiting the maximums 
in the distribution of the reflected light is one or two, are 
as follows: 

[0023] (1) A reflector, a surface part of which has a 
shape such that triangular prisms are arranged in adja- 

15 cent to each other in their ridge directions, one plane of 
each prism is in parallel with the surface of the reflector, 
in which cross sections of the prisms in a plane vertical 
to the ridges form a saw teeth shape consisted of trian- 
gles, an angle of elevation of each triangle, that is, an 

20 angle between the slope appearing on the cross section 
and the base of the triangle which is in parallel with the 
horizontal plane of the reflector, is between 2.5 and 1 0 
degrees, and the triangles are substantially congruent 
or similar ones, and directed in the same direction. 

25 [0024] Fig. 2 shows an example of the above reflector, 
in particular, the reflector used In Example 1. The sur- 
face part has a shape such that triangular prisms are 
arranged in adjacent to each other in their ridge direc- 
tions, and the cross sections of the iprisms/jn a plane 

30 vertical to the ridges form a saw teeth shapes consisted. . 
of triangles, the angles of elevation of, each triangle are . 
7.5 degrees and 90 degrees, and their vertical angle is 
82.5 degrees. 

[0025] Fig. 3 shows another example of the above re- 
35 fiector, in particular, the reflector used in Example 2. The 
surface part has a shape such that triangular prisms are 
arranged in adjacent to each other in their ridge direc- 
tions, and the cross sections of the prisms in a plane 
vertical to the ridges form a saw teeth shape consisted 
40 of isosceles triangles, an angle of elevation of each tri- 
angle is 7.5 degrees, and their vertical angle is 165 de- 
grees. 

[0026] When one of the elevation angles of the trian- 
gle is 90 degrees as shown in Fig. 2, the number of the 

45 angle is one, which exhibits the maximum in the distri- 
bution curve of amounts of the reflected light generated 
by incident light on the surface of the reflector from a 
light source at a specific angle deviating from the vertical 
line to the reflector surface. In this case, the angle ex- 

50 hibiting the maximum is the same as the angle exhibiting 
the largest value. When both elevation angles are less 
than 90 degrees, the number of angles exhibiting the 
maximums is two. When the triangles are isosceles tri- 
angles as shown in Fig. 3, the number of the angles ex- 

55 hibiting the maximum is two, and such angles appear at 
positions which are present on respective sides of the 
regular reflection angle with deviating by the same angle 
from the direction of the regular reflection angle. Fur- 
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thermore, when the regular reflection angle is 30 de- 
grees, and the deviation of the angle exhibiting the max- 
imum from the regular reflection angle is 15 degrees, 
the angles exhibiting the maximums are 1 5 degrees and 
45 degrees, respectively. 5 
[0027] A modification of the above reflector, in which 
apexes forming the ridges of the triangles are rounded, 
achieves the same effect, and thus can be used. 
[0028] A pitch of triangles in the cross section, that is, 
a length of the side of the triangle which is in parallel 10 
with the surface of the reflector, is not limited. The pitch 
is between 1 0 ujti and 500 ujti because a regular shape 
can be formed, and streaks are less noticeable. 
[0029] When reflector of the present invention is in- 
corporated in the liquid crystal display, a pitch of pixels is 
and that of the triangles of the reflector interfere each 
other, so that a Moire pattern may form. To prevent the 
formation of the Moire pattern, it is practically preferable 
to 

20 

(a) allow the pitch of the pixels of the liquid crystal 
cells and that of the triangles of the reflector to co- 
incide, 

(b) differ tengths of the bottom sides of the adjacent 
triangles, or 25 

(c) decrease the pitch of the triangles to 1 00 u/n or 
less. 

[0030] (2) A reflector,; a surface part of which compris; 
es depressions or projections which are densely formed: 30 
over the entire surface, each of depression or projection 
having an asymmetric cross section at least in one di- 
rection, in which the depressions or projections have 
substantially the same shape and are arranged in sub- 
stantially the same direction, an angle between each de- 35 
pression or projection and the surface of the reflector 
(that is, an elevation angle for the projection, or a de- 
pression angle for the depression) is between 2. 5 and 
10 degrees. 

[0031] In this reflector, the depressions or projection 40 
having the asymmetric cross sections, which may be 
congruent or similar, at least in one direction, should be 
densely formed over the whole surface of the reflector. 
Symmetric depressions or projections such as semi- 
spheres cannot achieve the properties of the reflector 45 
of the present invention. If the number of the depres- 
sions or projections is small and a percentage of flat ar- 
eas is large, the effects of the present invention cannot 
be attained. 

[0032] The depressions or projections may have so 
sharp or rounded apexes. Examples of the shapes of 
depressions or projections are shown in Figs. 4 to 6. 
[0033] (3) A reflector, a surface part of which has a 
shape such that pyramids are clustered together with 
their base sides being in contact with each other, and ss 
their bases are in parallel with the surface of the reflec- 
tor. Each pyramid has a square or rectangular base, the 
apex is present on a vertical bisector of at least one side 



of the base, and all the pyramids have substantially the 
same shape and arranged in the same direction. The 
cross sections of the pyramids in a plane vertical to the 
base and including the vertical bisector of one side of 
the base form a saw teeth shape consisted of congruent 
or similar triangles. An elevation angle of each triangle, 
that is, an angle between the oblique side and base of 
the triangle appearing in the above cross section, is be- 
tween 2.5 and 10 degrees. 

[0034] An example of such a reflector is shown in Fig. 
7, which has a structure consisting of quadrangular pyr- 
amids arranged with their bases being in contact with 
each other. The cross sections of the pyramids in a 
plane vertical to the base and including the apex of the 
pyramid and vertical bisector of one side of the bases 
form a saw teeth shape consisted of triangles. In this 
example, the elevation angles of the triangle are both 
7.5 degrees, and thus the vertical angle is 1 65 degrees. 
[0035] A modification of the above reflector, in which 
apexes forming the ridges of the pyramids are rounded, 
achieves the same effect, and thus can be used. 
[0036] A pitch of pyramids, that is, a length of the side 
of the bottom of the pyramid is between 1 0 urn and 500 
ujti because a regularshape can be formed, and streaks 
are less noticeable. 

[0037] Examples of substrates of the reflectors are 
plastic films such as polyethylene terephthalate films, 
polyester films, polycarbonate films, polyacrylic resin 
films, polyolefin films, etc.; metal plates such as alumi- > 
num plates, copper plates, etc.; glass plates; and the.- 
like. 

[0038] The thickness of the substrate is not limited, 
and is usually between about 10 u.m and about 5 mm. 
[0039] Examples of the method for forming the sur- 
face of the reflector substrate in the above described 
shape are as follows: 

[0040] A method comprising forming a negative 
shape for a desired shape on a roll, and forming the 
shape by a roll transfer method. 
[0041] A method comprising forming a negative 
shape for a desired shape on a roll, applying and filling 
a UV or electron-beam curable resin in the depressions 
on the roll, irradiating the liquid resin with maintaining a 
covered transparent substrate film on the roll intaglio 
(negative mold), and removing the substrate film to 
which the cured resin is adhered from the roll intaglio 
(see JP-A-3-223883 and JP-A-6-324205). 
[0042] A solvent casting method comprising forming 
a negative shape for a desired shape on a casting belt, 
and imparting the desired shape to the substrate during 
casting. 

[0043] A press molding method comprising providing 
a negative mold for a desired shape as a mold, and 
pressing a thermosetting resin sheet onto the mold to 
impart the desired shape to the sheet. 
[0044] In the reflector of the present invention, the 
surface of the reflector should be roughened to moder- 
ately scatter the reflected light. Thus, a center line av- 
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erage roughness (Ra) of the substrate surface is usually 
between 200 nm and 1500 nm in view of the good irreg- 
ular reflection properties, and a good reflectance. 
[0045] The above center line average roughness (Ra) 
on the substrate surface may be achieved by the follow- 
ing methods: 

Previously roughening the surface of a negative 
mold; 

Pressing a resin in which organic and/or inorganic 
particles are compounded onto a negative mold; 
Sand blasting the surface of a reflector after forming 
the substrate in the desired shape; 
Applying a coating liquid containing organic and/or 
inorganic particles on the surface of a reflector after 
forming the substrate in the desired shape. 

[0046] In general, a metal having a high reflectance 
such as aluminum, silver and the like is vapor deposited 
on the surface of the substrate, which has been impart- 
ed with the surface shape by the above described meth- 
ods and the center line average roughness of which 
have been adjusted as described above. 
[0047] The method for vapor depositing the metal 
having the high reflectance, and the thickness of the de- 
posited metal are not limited, insofar as the distribution 
of the reflected light amount on the substrate surface 
does not change, the condition of 16 - 9' I > 5 degrees is 
^satisfied, and the center line average roughness (Ra) is 
maintained in the above range. For example, any con- 
ventional method employed for vapor depositing a metal 
such as vacuum deposition, sputtering, ion plating and 
the like may be suitably selected and used according to 
the kinds of the substrates. 

[0048] The thickness of the deposited metal layer is, 
for example, between 50 nm and 100 nm. 
[0049] When silver is used and deposited as a metal 
having the high reflectance, a protective film is prefera- 
bly formed on the surface of the deposited silver film to 
prevent the deterioration of the deposited film. 
[0050] The kind of the protective film is not limited. 
Preferably, the protected film is a coated film of an acryl- 
ic resin, an epoxy resin, a polyester resin, a urethane 
resin, and an alkyd resin, which may be applied by any 
conventional method such as roll coating, gravure coat- 
ing, spray coating, and the like. Alternatively, a thin film 
of an inorganic material such as Si0 2 may be used. The 
thickness of the protective film is not limited, and is, for 
example, between 5 nm and 10 u.m. 
[0051] When a metal plate such as an aluminum plate 
is used as a substrate, it may be used as a reflector with- 
out vapor depositing the metal having the high reflect- 
ance. 

[0052] The reflector of the present invention may be 
laminated on a polarizing plate such as an iodine base 
polarizing plate, a dye base polarizing plate, etc. with a 
conventional acrylic adhesive to provide a reflective po- 
larizing plate which is suitable for reflective liquid crystal 



displays such as TN type, STN type, and GH cell type 
displays. 

[0053] The fitting of such a reflector or a reflective po- 
larizing plate to a liquid crystal display provides a ref lec- 
5 tive liquid crystal display having good visibility of imag- 
es. 

[0054] Examples of the structures of the reflective liq- 
uid crystal displays are as follows: 

10 Polarizing plate/TN cell/polarizing plate/reflector; 

Polarizing plate/phase retarder plate/STN cell/po- 
larizing plate/reflector; 
GH cell/reflector. 

15 [0055] In these structures, one or more phase differ- 
ence plates may be placed on and/or below the liquid 
crystal cell. 

Semi-transmissive reflector, semi-transmissive- 



reflective liquid crystal display 

[0056] The semi-transmissive reflector of the present 
invention has one or two angles exhibiting the maxi- 
mums in an angle-dependent distribution curve of inten- 
sity of reflected light which is generated when light is 
illuminated from a light.source on the.su rface of the re- 
flector at specific angles, and satisfies the conditions 
that at least one angle exhibiting the maximum deviates 
by at least 5 degrees from, a regular. reflection angle in 
relation to the incidence angle of the light. 
[0057] The semi-transmissive reflector has a trans- 
mission of between about 1 0 and 60 % in terms of trans- 
mission of all light beams. 

[0058] The semi-transmissive reflector may have the 
same structure as that of the reflector described in the 
above section, so that it has one or two angles exhibiting 
the maximums in an angle-dependent distribution curve 
of intensity of reflected light which is generated when 
light is illuminated from a light source on the surface of 
the reflector at specific angles, and at least one angle 
exhibiting the maximum deviates by at least 5 degrees 
from a regular reflection angle in relation to the inci- 
dence angle of the light. 

[0059] The semi-transmissive reflector of the present 
invention may be produced using the above described 
substrate. In the case of the semi-transmissive reflector 
of the present invention, neither the surface of the sub- 
strate nor the finally obtained semi-transmissive reflec- 
tor may be roughened. The thickness of the substrate 
is not limited, and may be between about 10 ujti and 5 
mm. 

[0060] Examples of methods for producing the semi- 
transmissive reflector are as follows: 



20 reflective polarizing plate and semi-transmissive- 
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(1) Compounding metal powder and/or metal oxide 
powder in a resin binder and coating the compound on 
a substrate 

[0061] Examples of the metal powder are those hav- 5 
ing metallic gloss such as aluminum powder, tin powder, 
gold powder, silver powder, etc., and examples of the 
metal oxides are those having gloss such as aluminum 
oxide, titanium oxide, oxides of rare earth metals, oxides 
of alkaline earth metals, etc. 10 
[0062] The kind of the resin binder is not limited. Spe- 
cific examples of the resin binder are acrylic resins, ure- 
thane resins, epoxy resins, polyester resins, alkyd res- 
ins, polyvinyl alcohol resins, etc. 

[0063] The metal powder and/or metal oxide powder is 
and the binder resin can be mixed and coated by any 
conventional method such as roll coating, gravure coat- 
ing, spray coating, and the like. 
[0064] The thickness of the coating is between about 
5 urn and 200 u.m. The resin binder may be tacky. 20 

(2) Compounding inorganic or/and organic glossy fine 
particles in a binder resin and coating the compound on 
a substrate 

25 

[0065] Examples of the inorganic and/or organic 
glossy fine particles are fine particles haying pearl-like 
gloss such as pearlessence pigments, for example, syn- 
thetic or natural mica coated with* titanium oxide, fish 
scale guanine (pearlessence); hexagonal platelet basic 30 
lead carbonate, bismuth trichloride, and the like. 
[0066] The binder resins may be the same as exem- 
plified above. Also, the compounding and coating meth- 
ods are the same as described above. 
[0067] The semi-transmissive reflector of the present 35 
invention may be laminated on a polarizing plate such 
as an iodine base polarizing plate, a dye base polarizing 
plate, etc. with a conventional acrylic adhesive to pro- 
vide a semi-transmissive-reflective polarizing plate 
which is suitable for semi-transmissive-reflective liquid *o 
crystal displays such asTN type and STN type displays. 
[0068] The fitting of such a semi-transmissive reflec- 
tor to a liquid crystal display provides a semi-transmis- 
sive-reflective liquid crystal display (polarizing plate/liq- 
uid crystal cell/(polarizing plate/semi-transmissive re- 45 
flector/back light) having good visibility of images. 

EFFECTS OF THE INVENTION 

[0069] The reflector of the present invention can as- 
sist the reflective liquid crystal displays in displaying the 
bright images with good visibility on the images of the 
displays, when the reflector is attached on the liquid 
crystal displays, and the images are viewed from an an- 
gle at which the reflection of the external light is avoided. 
Furthermore, the semi-transmissive reflector of the 
present invention can assist the semi-transmissive-re- 
flective displays in displaying the bright images with 



good visibility on the images of the displays, when the 
reflector is attached on the liquid crystal displays and 
the images are viewed from an angle at which the re- 
flection of the external light is avoided. 
[0070] Accordingly, the reflector or semi-transmissive 
reflector of the present invention is very useful for the 
reflective or semi-transmissive-reflective portable liquid 
crystal displays for portable information terminals, port- 
able phones, personal handy phones (PHS), electronic 
pocket data books, electronic dictionaries, palm top per- 
sonal computers, and the like. 

EXAMPLES 

[0071] The present invention will be illustrated by the 
following examples, which do not limit the present in- 
vention in any way. 

[0072] A distribution of intensity of reflected light from 
a surface was measured with an automatic variable an- 
gle photometer (GP-200 manufactured by Murakami 
Shikisai Co., Ltd.). 

[0073] A center line average roughness (Ra) was 
measured with a surface roughness meter (3ST manu- 
factured by Dektac). 

[0074] A transmission of all light beams was meas- 
ured with a reflection-transmission meter (HR-1 00 man- 
ufactured by Murakami Shikisai Co., Ltd.). 

Example 1 . . 5 i 

[0075] A reflector was produced by vapor depositing 
a film of aluminum (having an average thickness of 60 
nm) by vacuum deposition on a plastic film (manufac- 
tured by Dainippon Printing Co., Ltd.), the surface of 
which had a saw-teeth shape such that triangular prisms 
are arranged in adjacent to each other in their ridge di- 
rections, as shown in Fig. 2. In the cross section of the 
prisms, an angle of elevation of each triangle was 7.5 
degrees, and the vertical angle was 82.5 degrees. The 
pitch of the prisms was 200 u.m. 
[0076] The center line average roughness (Ra) of the 
surface of the reflector was 533 nm. 
[0077] This reflector was illuminated at an angle of 45 
degrees from the vertical direction to the reflector sur- 
face, and a angle-dependency of the intensity of reflect- 
ed light was measured. The results are shown in Fig. 8. 
[0078] The angle at which the intensity of reflected 
light was maximized was +60 degrees from the vertical 
direction. The regular reflection angle was +45. Thus, 
the deviation of the former angle from the regular reflec- 
tion angle was 15 degrees. 

[0079] This reflector was laminated on a polarizing 
plate (an iodine base polarizing plate; SG manufactured 
by Sumitomo Chemical Co., Ltd.) with an acrylic adhe- 
sive, and a reflective polarizing plate (polarizing plate/ 
reflector) was obtained. 

[0080] The reflective polarizing plate was attached to 
one surface of a STN liquid crystal ceil. Then, a phase 
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retarder plate (a polycarbonate phase retarder plate; 
SEF manufactured by Sumitomo Chemical Co., Ltd.) 
and a polarizing ptate (an iodine base polarizing plate; 
SG manufactured by Sumitomo Chemical Co., Ltd.) 
were attached to the other surface of the liquid crystal 
cell. Thus, a reflective STN liquid crystal display device 
(polarizing plate/phase retarder plate/STN liquid crystal 
cell/polarizing plate/reflector) was obtained. 
[0081 ] This reflective STN liquid crystal display device 
was operated. It displayed bright images, when the im- 
age was viewed from an angle at which the reflection of 
the external light is avoided. No Moire pattern formed. 
Thus, the visibility of the image was good. 

Example 2 

[0082] A reflector was produced by vapor depositing 
a film of aluminum (having an average thickness of 60 
nm) by vacuum deposition on a plastic film (manufac- 
tured by Dainippon Printing Co., Ltd.), the surface of 
which had a saw-teeth shape such that triangular prisms 
are arranged in adjacent to each other in their ridge di- 
rections, as shown in Rg. 3. In the cross section of the 
prisms, both angles of elevation of each triangle were 
7.5 degrees, and the vertical angle was 165 degrees. 
The pitch of the prisms was 200 u.m. 
[0083] The center line average roughness (Ra) of the 
surface of the reflector was 389 nm. 
[0084] This reflector was illuminated at an angle of 45 
degrees from the vertical direction to the.reflector sur- . 
face, and an angle-dependency of the intensity of re- 
flected light was measured. The results are shown in 
Fig. 9. 

[0085] The angles at which the amount of reflected 
light was maximized were +30 and +60 degrees from 
the vertical direction. The regular reflection angle was 
+45 degrees. Thus, the deviations of the former angles 
from the regular reflection angle were +15 and -15 de- 
grees, respectively. 

[0086] This reflector was laminated on a polarizing 
plate (an iodine base polarizing plate; SG-1852A man- 
ufactured by Sumitomo Chemical Co., Ltd.) with an 
acrylic adhesive, and a reflective polarizing plate (polar- 
izing plate/ reflector) was obtained. 
[0087] The reflective polarizing plate was attached to 
one surface of a TN liquid crystal cell. Then, a polarizing 
plate (an iodine base polarizing plate; SG-1852A man- 
ufactured by Sumitomo Chemical Co., Ltd.) was at- 
tached to the other surface of the liquid crystal cell. 
Thus, a reflective TN liquid crystal display device (po- 
larizing plate/liquid crystal cell/polarizing plate/reflector) 
was obtained. 

[0088] This reflective liquid crystal display device was 
operated. It displayed bright images, when the image 
was viewed from an angle at which the reflection of the 
external light is avoided. Thus, the visibility the image 
was good. 



Example 3 

[0089] A reflector was produced by vapor depositing 
a film of aluminum by vacuum deposition on a plastic 

5 film having the surface structure consisting of quadran- 
gular pyramids arranged with their bases being in con- 
tact with each other, the cross section of which in a plane 
which includes the center of the slope triangle and is 
vertical to the base planes of the pyramids was a saw- 

10 teeth shape such that triangles are linked, as shown in 
Fig. 7. In each cross sectional triangle of the pyramid, 
both angles of elevation of each triangle were 7.5 de- 
grees, and the vertical angle was 1 65 degrees. The pitch 
of the prisms was 200 urn 

15 [0090] When this reflector was illuminated at an angle 
of 45 degrees from the vertical direction to the reflector 
surface, the angles at which the intensity of reflected 
light was maximized were 30 and 60 degrees from the 
normal line, while the regular reflection angle was +45 

20 degrees. 

[0091] This reflector was laminated on a polarizing 
plate (an iodine base polarizing plate; SG manufactured 
by Sumitomo Chemical Co., Ltd.) with an acrylic adhe- 
sive, and a reflective polarizing plate (polarizing plate/ 

25 reflector) was obtained. Then, the reflective polarizing 
plate was attached to one surface of a STN liquid crystal 
cell, and a phase retarder plate (a polycarbonate phase 
retarder plate; SEF manufactured by Sumitomo Chem- 
ical Co.,:Ltd.) and a polarizing plate (an iodine base po-. 

30 Jarizing plate; SG manufactured by Sumitomo Chemical 
Co., Ltd.) were attached to the other surface of the liquid 
crystal cell. Thus, a reflective STN liquid crystal display 
device (polarizing plate/phase retarder plate/STN liquid 
crystal cell/polarizing plate/reflector) was obtained. 

35 [0092] This reflective liquid crystal display device was 
operated. It displayed bright images, when the image 
was viewed from an angle at which the reflection of the 
external light is avoided. Thus, the visibility of the image 
was good. 

40 

Example 4 

[0093] Asemi-transmissive reflectorwas producedby 
coating an acrylic resin containing 30 wt. % of a pearl- 

^5 essent pigment (Iriodin manufactured by Merk) on a 
plastic film (manufactured by Dainippon Printing Co., 
Ltd.), the surface of which had a saw-teeth shape such 
that triangular prisms are arranged in adjacent to each 
other in their ridge directions, as shown in Fig. 1 0. In the 

so cross section of the prisms, the angle of elevation of 
each triangle was 7.5 degrees, and the vertical angle 
was 82.5 degrees. The pitch of the prisms was 200 u.m. 
[0094] This semi-transmissive reflector was laminat- 
ed on a polarizing plate (an iodine base polarizing plate; 

55 SUMIKARAN SG manufactured by Sumitomo Chemical 
Co., Ltd.) with an acrylic adhesive, and a semi-transmis- 
sive-reflective polarizing plate (polarizing plate/reflec- 
tor) was obtained. Then, the semi-transmissive-reflec- 
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tive polarizing plate was attached to one surface of a TN 
liquid crystal cell, and a polarizing plate (an iodine base 
polarizing plate; SUMIKARAN SG manufactured by 
Sumitomo Chemical Co., Ltd.) was attached to the other 
surface of the liquid crystal cell. Thus, a semi-transmis- 5 
sive-reflective TN liquid crystal display device (polariz- 
ing plate/liquid crystal cell/polarizing plate/semi-trans- 
missive reflector/back light) was obtained. 
[0095] This liquid crystal display device was operated. 
It displayed bright images, when the image was viewed 10 
from an angle at which the reflection of the external light 
is avoided. Thus, the visibility of the image was good. 
Also the bright image was seen and good visibility was 
achieved, when the image on the screen was viewed 
using the back light in a dark room. 15 



Claims 

1. A reflector comprising a reflecting surface com- 20 
posed of congruent triangular prisms adjacent to 
each other and such that their ridges are parallel to 
each other, the cross-section of the reflecting sur- 
face in a plane perpendicular to the ridges forming 

a saw-tooth shape consisting of triangles the base 25 
side of which is parallel to a base plane, one of the 
other sides of said triangles forming with said base 
plane an angle of elevation, and the reflecting sur- »- 
face being roughened, 

characterized in that 30 

said elevation angle is between 2.5° and 10°, the 
surface roughness of said reflecting surface being 
between 200 nm and 1500 nm in terms of center- 
line average roughness, and the pitch of the trian- 
gular prisms is from 1 0 u,m to 200 um 35 

2. A reflector comprising a reflecting surface com- 
posed of congruent pyramids adjacent to each oth- 
er and such that their bases are in contact with each 
other, are square or rectangular, and are parallel to 40 
a base plane, the cross-section of each of said pyr- 
amids in a plane perpendicular to at least one side 

of said bases and containing the apex of said each 
of said pyramids being a triangle, one side of said 
triangle adjacent said apex forming with said base *s 
plane an elevation angle, and the reflecting surface 
being roughened, 
characterized in that 

said elevation angle is between 2.5° and 10°, the 
surface roughness of said reflecting surface being so 
between 200 nm and 1500 nm in terms of center- 
line average roughness, and the pitch of the pyra- 
mids is from 10 nm to 500 urn 

3. A reflective polarizing plate comprising a polarizing 55 
plate and a reflector as claimed in claim 1 or 2 lam- 
inated on said polarizing plate. 



4. A reflective liquid crystal display comprising a liquid 
crystal display and a reflective polarizing plate as 
claimed in claim 3. 

5. A reflective liquid crystal display according to claim 
4, which is a reflective TN liquid crystal display 

6. A reflective liquid crystal display according to claim 
4, which is a reflective STN liquid crystal display. 

7. A reflective liquid crystal display according to claim 
4, which is a reflective GH liquid crystal display. 

8. A semi-transmissive reflector comprising a reflect- 
ing surface composed of congruent triangular 
prisms adjacent to each other and such that their 
ridges are parallel to each other, the cross-section 
of the reflecting surface in a plane perpendicular to 
the ridges forming a saw-tooth shape consisting of 
triangles the base side of which is parallel to a base 
plane, one of the other sides of said triangles form- 
ing with said base plane an angle of elevation, 
characterized in that 

said elevation angle is between 2.5° and 10° and 
the pitch of the triangular prisms is from 10 nm to 
200 nm. 

9. A semi-transmissive reflector comprising a reflect: 
ing surface composed of congruent pyramids acfjat' 
cent to each other and such that their bases areiin.; 
contact with each other, are square or rectangular, 
and are parallel to a base plane, the cross-section 
of each of said pyramids in a plane perpendicular 
to at least one side of said bases and containing the 
apex of said each of said pyramids being a triangle, 
one side of said triangle adjacent said apex forming 
with said base plane an elevation angle, 
characterized in that 

said elevation angle is between 2.5° and 10° and 
the pitch of the pyramids is from 1 0 ujti to 500 um 

10. A semi-transmissive reflector according to claim 8 
or 9, which has a transmission of all light beams in 
the range between 10 and 60 %. 

11. A semi-transmissive-reflective polarizing plate 
comprising a polarizing plate and a semi-transmis- 
sive reflector as claimed in claim 8, 9 or 1 0 laminat- 
ed on said polarizing plate. 

12. A semi-transmissive-reflective liquid crystal display 
comprising a liquid crystal display and a semi-trans- 
missive-reflective polarizing plate as claimed in 
claim 11. 

13. A semi-transmissive-reflective liquid crystal display 
according to claim 12, which is a semi-transmissive- 
reflective TN liquid crystal display. 



8 



15 



EP 0 843 195 B1 



16 



14. A semi-transmissive-reflective liquid crystal display 
according to claim 12, which is a semi-transmissive- 
reflective STN liquid crystal display. 



PatentansprQche 

1. Reflektor mit einer reflektierenden Oberflache, die 
aus kongruenten dreieckigen Prismen besteht, die 
benachbart zueinander und derart angeordnet sind, 
da(3 ihre Grate bzw. Kanten parallel zueinander 
ausgerichtet sind, wobei der Querschnitt der reflek- 
tierenden Oberflache in einer Ebene senkrecht zu 
den Graten eine Sagezahnform bildet, die aus Drei- 
ecken besteht, deren Basisseite parallel zu einer 
Basisebene ausgerichtet ist, wobei eine der ande- 
ren Seiten der Dreiecke einen Hohenwinkel mit der 
Basis bildet, und wobei die reflektierende Oberfla- 
che rauh ist; 

dadurch gekennzeichnet, daB 
der Hohenwinkel zwischen 2,5° und 1 0° be- 
tragt, die Oberflachenrauhigkeit der reflektierenden 
Oberflache bezuglich der durchschnittlichen Mittel- 
linienrauhigkeit zwischen 200 nm und 1500 nm be- 
tragt und die Teilung der dreieckigen Prismen 10ujti 
bis 200 u.m betragt. 

2. Reflektor mit einer reflektierenden Oberflache, die 
aus kongruenten Pyramiden besteht, die benach- 
bart zueinander und derart angeordnet sind, daB ih- 
re Basen miteinander in Kontakt stehen, quadra- 
tisch Oder rechteckig ausgebildet sind und parallel 
zu einer Basisebene ausgerichtet sind, wobei der 
Querschnittjederder Pyramiden in einer Ebene, die 
sich senkrecht zu mindestens einer Seite der Basen 
erstreckt und den Scheitelpunkt jeder der Pyrami- 
den aufweist, ein Dreieck ist, wobei eine benach- 
bart zum Scheitelpunkt angeordnete Seite des 
Dreiecks einen Hohenwinkel mit der Basts bildet, 
und wobei die reflektierende Oberflache rauh ist; 

dadurch gekennzeichnet, daB 
der Hohenwinkel zwischen 2,5° und 1 0° be- 
tragt, die Oberflachenrauhigkeit der reflektierenden 
Oberflache bezuglich der durchschnittlichen Mittel- 
linienrauhigkeit zwischen 200 nm und 1500 nm be- 
tragt und die Teilung der Pyramiden 10 p,m bis 500 
u.m betragt. 

3. Reflektierende Polarisationsplatte mit einer Polari- 
sationsplatte und einem auf die Polarisationsplatte 
auflaminierten Reflektor nach Anspruch 1 Oder 2. 

4. Reflektierendes Flussigkristalldisplay mit einem 
Flussigkristalldisplay und einer reflektierenden Po- 
larisationsplatte nach Anspruch 3. 

5. Reflektierendes Flussigkristalldisplay nach An- 
spruch 4, wobei das reflektierende Flussigkristall- 



display ein reflektierendes TN-Flussigkristalldis- 
play ist. 

6. Reflektierendes Flussigkristalldisplay nach An- 
s spruch 4, wobei das reflektierende Flussigkristall- 
display ein reflektierendes STN-Flussigkristalldis- 
play ist. 

7. Reflektierendes Flussigkristalldisplay nach An- 
10 spruch 4, wobei das reflektierende Flussigkristall- 
display ein reflektierendes GH-Flussigkristalldis- 
play ist. 

8. Halbdurchlassiger Reflektor mit einer reflektieren- 
*5 den Oberflache, die aus kongruenten dreieckigen 

Prismen besteht, die benachbart zueinander und 
derart angeordnet sind, daS ihre Grate bzw. Kanten 
parallel zueinander ausgerichtet sind, wobei der 
Querschnitt der reflektierenden Oberflache in einer 

20 Ebene senkrecht zu den Graten bzw. Kanten eine 
Sagezahnform bildet, die aus Dreiecken besteht, 
deren Basisseite parallel zu einer Basisebene aus- 
gerichtet ist, und wobei eine deranderen Seiten der 
Dreiecke einen Hohenwinkel mit der Basis bildet; 

25 dadurch gekennzeichnet, daB 

der Hohenwinkel zwischen 2,5° und 10° be- 
tragt und die Teilung der dreieckigen Prismen 1 0 urn 
bis 200 nm betragt. 

. • * k; ;v 

30 9. Halbdurchlassiger Reflektor mit einer reflektieren- 
den Oberflache, die aus kongruenten Pyramiden 
besteht, die benachbart zueinander und derart an- 
geordnet sind, daB ihre Basen miteinander in Kon- 
takt stehen, quadratisch oder rechteckig ausgebil- 

35 det sind und parallel zu einer Basisebene ausge- 
richtet sind, wobei der Querschnitt jeder der Pyra- 
miden in einer Ebene, die sich senkrecht zu minde- 
stens einer Seite der Basen erstreckt und den 
Scheitelpunkt jeder der Pyramiden enthalt, ein Drei- 

40 eck ist, und wobei eine benachbart zum Scheitel- 
punkt angeordnete Seite des Dreiecks einen Ho- 
henwinkel mit der Basis bildet; 

dadurch gekennzeichnet, daB 

der Hohenwinkel zwischen 2,5° und 10° be- 

45 tragt und die Teilung der Pyramiden 1 0 urn bis 500 
u/n betragt. 

10. Halbdurchlassiger Reflektor nach Anspruch 8 Oder 
9 mit einem LichtdurchlaBgrad fur alle Lichtstrahlen 

50 im Bereich zwischen 10 und 60%. 

1 1 . Halbdurchlassige reflektierende Polarisationsplatte 
mit einer Polarisationsplatte und einem auf die Po- 
larisationsplatte auflaminierten halbdurchlassigen 

55 Reflektor nach Anspruch 8, 9 oder 10. 

12. Halbdurchlassiges reflektierendes Flussigkristall- 
display mit einem Flussigkristalldisplay und einer 
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halbdurchlassigen reflektierenden Polarisations- 
platte nach Anspaich 11. 

13. Halbdurchlassiges reflektierendes Flussigkristall- 
display nach Anspruch 12, wobei das halbdurchlas- 
sige reflektierende Flussigkristalldisplay ein halb- 
durchlassiges reflektierendes TN-Flussigkristalldis- 
play ist. 

14. Halbdurchlassiges reflektierendes Russigkristall- 
display nach Anspruch 1 2, wobei das halbdurchlas- 
sige reflektierende Russigkristalldisplay ein halb- 
durchlassiges reflektierendes STN-Flussigkristall- 
display ist. 



Revendications 

1. Reflecteur comprenant une surface reflechissante 
composed de prismes triangulaires congruents ad- 
jacents les uns aux autres et tels que leurs aretes 
sont paralleles les unes aux autres, ia section trans- 
versale de la surface reflechissante sur un plan per- 
pendiculaire aux aretes formant une dent de scie 
composee de triangles dont leftote de base est pa- 
rallel a un plan de base, run des autres cotes des- 
dits triangles formant, avec ledit plan de base, un 
angle d'elevation, et la surface reflechissante etant 
rugueuse, < rd. . 

■ . caracterise en ce q u e- r.) l 

ledit angle d'6l6vation se situe entre 2,5° et 
10°, ia rugosite de surface de ladite surface refle- 
chissante se situe entre 200 nm et 1500 nm en ter- 
mes de rugosite centrale moyenne, et en ce que le 
pas des prismes triangulaires se situe entre 10 u.m 
et 200 urn. 

2. Reflecteur comprenant une surface reflechissante 
composee de pyramides congruentes adjacentes 
les unes aux autres et telles que leurs bases sont 
en contact les unes avec les autres, carries ou rec- 
tangulaires, etsont paralleles a un plan de base, la 
section transversal e de chacune desdites pyrami- 
des sur un plan perpendiculaire a au moins un cote 
desdites bases et contenant le sommet de chacune 
desdites pyramides etant un triangle, un c6te dudit 
triangle adjacent audit sommet formant avec ledit 
plan de base un angle d'elevation, et la surface re- 
flechissante etant rugueuse, 

caracterise en ce que 

ledit angle d'elevation se situe entre 2,5° et 
10°, la rugosite de surface de ladite surface refle- 
chissante se situe entre 200 nm et 1 500 nm en ter- 
mes de rugosite centrale moyenne, et en ce que le 
pas des pyramides se situe entre 1 0 urn et 500 u.m. 

3. Plaque polarisante et reflechissante comprenant 
une plaque polarisante et un reflecteur selon la re- 



vendication 1 ou 2 stratifie sur ladite plaque polari- 
sante. 

4. Afficheur a cristaux liquides reflechissant compre- 
5 nant un afficheur a cristaux liquides et une plaque 

polarisante et reflechissante selon la revendication 
3. 

5. Afficheur a cristaux liquides reflechissant selon la 
10 revendication 4, qui est un afficheur a cristaux liqui- 
des, a nematique en heiice et reflechissant. 

6. Afficheur a cristaux liquides reflechissant selon la 
revendication 4, qui est un afficheur a cristaux liqui- 
ds des, a matrice passive et a balayage simple refle- 
chissant. 

7. Afficheur a cristaux liquides reflechissant selon la 
revendication 4, qui est un afficheur a cristaux liqui- 

20 des GH reflechissant. 

8. Reflecteur semi-transmissif comprenant une surfa- 
ce reflechissante composee de prismes triangulai- 
res congruents adjacents les uns aux autres et tels 
que leurs aretes sont paralleles les unes aux autres, 
la section transversale de la surface reflechissante 
sur un plan perpendiculaire aux ar£tes formant une 
dent de scie composee de triangles dont le ftote de 
base est parallele a un plan de base. J'un des autres 
c6t6s desdits triangles formant, avec ledit plan de 
base, un angle d'elevation, 

caracterise en ce que 
ledit angle d'elevation se situe entre 2,5° et 
10° et en ce que le pas des prismes triangulaires 
se situe entre 1 0 urn et 200 u.m. 

9. Reflecteur semi-transmissif comprenant une surfa- 
ce reflechissante composee de pyramides con- 
gruentes adjacentes les unes aux autres et telles 
que leurs bases sont en contact les unes avec les 
autres, carrees ou rectangulaires, et sont paralleles 
a un plan de base, la section transversale de cha- 
cune desdites pyramides sur un plan perpendicu- 
laire a au moins un cote desdites bases et conte- 
nant le sommet de chacune desdites pyramides 
etant un triangle, un cdt6 dudit triangle adjacent 
audit sommet formant, avec ledit plan de base, un 
angle d'elevation, 

caracterise en ce que 
ledit angle d'elevation se situe entre 2,5° et 
1 0° et en ce que le pas des pyramides se situe en- 
tre 10u.met500u.rn. 

10. Reflecteur semi-transmissif selon la revendication 
8 ou 9, qui possfcde une transmission de I'ensemble 
des faisceaux lumineux de I'ordre de 10 a 60%. 

11. Plaque polarisante, reflechissante et semi-trans- 
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missive comprenant une plaque polahsante et un 
reflected rsemi-transmiss if selon les revendications 
8, 9 ou 1 0 stratif ie sur ladite plaque polarisante. 

12. Afficheur a cristaux liquides semi-transmissif et re- 5 
flechissant comprenant un afficheur a cristaux liqui- 
des et une plaque polarisante, reflechissante et 
semi-transmissive selon la revendication 11. 

13. Afficheur a cristaux liquides semi-transmissif et re- 10 
flechissant selon ia revendication 12, qui est un af- 
ficheur a cristaux liquides, a nematique en helice, 
semi-transmissif et reflechissant. 

14. Afficheur a cristaux liquides semi-transmissif et re- 1* 
flechissant selon la revendication 12, qui est un af- 
ficheur a cristaux liquides semi-transmissif, a ma- 
trice passive, a simple balayage et reflechissant. 
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Fig. 7 
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